Chemical investigation of the terrestrial Streptomyces sp. isolates GT2005/020 and ANK148 led to the isolation of two microbial furanone derivatives, 5-hydroxy-4-methylnaphtho[1,2-b]furan-3-one (1) and 4-hydroxy-5-methyl-furan-3-one (2), respectively, which have some similarity to quorum sensing molecules of the AI-2 type. In addition, the known compounds chalcomycin, ferulic acid, indole-3-acetic acid, uracil, thymine, 2'-deoxy-thymidin, monensin B (3), phencomycin, and 1-acetyl-β-carboline were isolated. The structures of 1 and 2 were deduced from extensive studies of NMR (1D and 2D) and mass spectra. Additionally, the complete NMR shift assignments for monensin B (3) using H-H COSY, HMQC and HMBC experiments are reported here for the first time. We are describing the taxonomy and fermentation of the producing strains, the structure elucidation of the new metabolites and their bioactivity.
Microorganisms, in particular Streptomyces sp., are a rich source of new secondary metabolites. In our search for new bioactive compounds from streptomycetes, we found that the extracts obtained from the two terrestrial Streptomyces spp. ANK 148 and GT 2005/020 were very active against a range of human tumor cell lines.
Cultivation of Streptomyces sp. isolate GT 2005/020 on M 2 medium delivered a brown-yellow culture broth, which was filtered over Celite and adsorbed on Amberlite XAD-16, while the mycelium was extracted with acetone.
TLC-directed work-up of the water extract by PTLC and size exclusion chromatography resulted in the isolation of the known compounds ferulic acid, indole-3-acetic acid, 1-O-(2-aminobenzoyl)-α-L-rhamnoside [1] and chalcomycin [2] . The mycelial extract delivered the new furanone derivative 5-hydroxy-4methylnaphtho [1,2-b] furan-3-one (1), in addition to 2'-deoxythymidine, 2'-deoxy-uridine, uracil, thymine, and polypropylenglycol. The high cytotoxicity of the extract was due to the macrolide chalcomycin. The structures of the known compounds were confirmed by comparison of their masses and NMR data with authentic spectra and with the literature.
Compound 1 was obtained as UV absorbing yellow solid with medium chromatographic polarity, which gave no color change with either NaOH or anisaldehyde/sulfuric acid on TLC. The UV spectrum (MeOH) of 1 displayed four strong bands at  max = 218, 271, 348 and 389 nm in neutral solution. In basic methanol, the last band showed a bathochromic shift to  max = 452 nm. EI HRMS delivered the molecular weight and established the molecular formula as C 13 H 10 O 3 . The 1 H NMR spectrum showed four aromatic protons: Two of them appeared as doublets of doublets at 8.21 and 8.18; the other two gave triplets at  7.70 and  7.55, as an indication of a 1,2-disubstituted benzene ring, which was also confirmed by H,H COSY data. Further signals indicated an oxymethylene unit (  4.75 brs;  C 75.5); a methyl group at   2.60 ( C 9.8) was likely connected with a sp 2 carbon. The 13 C NMR spectrum showed seven quaternary carbon atoms at  200.4, 170.0, 143.5, 130.0, 120.0, 114.3 and 111.4; the first one indicated a ketone carbonyl; at least one of the other downfield carbons must be phenolic
The HSQC and HMBC NMR spectra confirmed these groups, and according to nine double bond equivalents and one or two carbonyl carbons, the compound must be an aromatic molecule with at least two fused rings. The structure was completely assigned by 2D NMR (Figure 1 ). The first methine doublet at  8.15 showed a coupling with C q -9b, which should be connected with oxygen due to its downfield shift. The second aromatic doublet at  8.18 gave a cross signal with C q -5, which itself showed a 3 J coupling with the methyl singlet at  2.60. Three further correlations of the methyl singlet with C q -3a, C q -4 and a 4 J coupling with C q -5a confirmed the partial structure of a 1, 2,3,4-tetrasubstituted naphthalene derivative, entailing seven double bond equivalents. The remaining CH 2 CO fragment containing the carbonyl and responsible for two double bond equivalents can be connected in two ways with the naphthalene system: as a lactone, or forming a ketone, as in 1. The 13 C signal at  200.4 and the oxy-methylene shift clearly indicated that the latter is true. Further HMBC correlations ( Figure 1 established compound 1 as the new microbial naphthalene 5-hydroxy-4-methylnaphtho[1,2-b]furan-3-one. A distant similarity is found to the TMC-120 series from Aspergillus ustus [3] . A closer related compound (1 without the methyl group) is cited in Chemical Abstracts, but, in the respective paper, only the isomeric ester,
In a similar manner, the Streptomyces strain ANK148 was cultivated in M 2 medium for 5 days. After filtration, the mycelium was extracted with ethyl acetate and acetone, while the filtrate was adsorbed on Amberlite XAD-16, followed by methanol elution. A sequence of chromatographic steps delivered 4-hydroxy-5methylfuran-3-one (2), along with 1-acetyl-β-carboline [5] , polypropylenglycol, ochromycinone [6] , tryptophol, phenazine-1carboxylic acid [7] , phencomycin [8] , and a large amount of monensin B (3) [9, 10] .
Compound 2 was obtained as colorless UV-absorbing oil, which showed a higher polarity than 1 on TLC and gave with anisaldehyde/sulfuric acid a green coloration, which changed 1 hour later to brown. The UV spectrum (MeOH) of 2 displayed two strong bands at  max = 209 and 285 nm in neutral solution. Under basic conditions, the latter band showed a bathochromic shift to  max = 331 nm. The molecular weight, deduced as 114 by EI MS and EI HRMS, resulted in the molecular formula C 5 H 5 O 3 . The 1 H NMR spectrum of 2 displayed only an oxy-methylene singlet at  4.55 and the 3H singlet of a methyl group at 2.28, which could be connected with a sp 2 carbon. The 13 C NMR spectrum showed five carbon signals, a carbonyl at  196.0, two quaternary carbons at  135.2 and 175.4, an oxy-methylene at  72.9 and a methyl signal at  13.5. Based on the 2D correlations, the methyl group was attached to C-5 ( 175.4), and due to the shift, the latter must be in the -position of an ,-unsaturated ketone. Further correlations of the methylene group confirmed the structure as 4-hydroxy-5methyl-furan-3-one (HMF, 2) ( Figure 2 ). The furanone 2 was described first as a Maillard product from carbohydrates [11] ; it is used as a component for beef flavor [12] and for the preparation of perfumes [13] , and has been identified as a sex pheromone of Eurycotis floridana (Florida Skunk Roach) [14] . The effect of this and related compounds on human tumor cells and their anticarcinogenic effect [15] , and the influence on melanogenesis have also been studied [16] . The most spectacular property of 2 is perhaps its strong quorum sensing activity: it induced bioluminescence in Vibrio harveyi BB170, also in the absence of the autoinducer 2 (AI-2) [17] . It has also been used to develop a quantification method for the autoinducer 2 [18] . There were hints that microorganisms can produce it under certain conditions [19] , but to the best of our knowledge, this is the first report on its microbial formation in substantial amounts and its preparative isolation.
The polyether antibiotic monensin B (3) [9, 10] has been isolated previously from Streptomyces cinnamonensis. The full shift assignment of several related polyethers is well-known, but that of monensin B (3) had not been published. Here, we report, for the first time, the full 13 C NMR assignment for monensin B (3) on the basis of 2D NMR measurements (COSY, HMQC and HMBC; see Figure 3 and Table 1 ). [20] .
Taxonomy of strains GT2005/020 and ANK148: Streptomyces sp. ANK148 strain was derived from a soil sample. The isolation was performed at room temperature on YMG agar (YMG agar: 2 g/L yeast extract, 5 g/L malt extract, 5 g/L glucose, 15 g/L agar, 30 mg/L cycloheximide). The almost complete 16S rRNA sequence of the strain, submitted to GenBank (Accession Nr. HQ678178), shows high homology (99.7%) to S. thermocarboxydus DSM44293, (GenBank Accession Nr. U94490). The Streptomyces sp. GT2005/020 strain is also of terrestrial origin (soil) and was isolated according to the method described above. The 16S rRNA sequence of GT2005/020 exhibits high similarity to the type strain of S. flavotricini NBRC 12770 (GenBank Accession Nr. AB184132) with 99.9% homology in 1477 bp. Both strains are deposited in the culture collection at the Institute of Organic and Biomolecular Chemistry, Göttingen, Germany.
Fermentation, extraction and isolation M 2 medium:
A solution of malt extract (10 g), yeast extract (4 g) and glucose (4 g) in 1 L of tap water was set to pH 7.8 with 2 N NaOH and sterilized for 30 min at 121°C.
A) Streptomyces sp. GT2005/020: The terrestrial Streptomyces sp. strain GT 2005/020 was cultivated in a 50 L fermentor (Biostat E) using M 2 medium. The pre-culture was prepared by inoculating 20 of 1L Erlenmeyer flasks (250 mL of M 2 medium each). The flasks were incubated at 28°C on a linear shaker for 4 days and used to inoculate the fermentor. The fermentation was carried out for 5 days. The dark brown culture broth was filtered over Celite with the aid of a filter press. The filtrate was adsorbed on Amberlite XAD-16, and subsequently extracted with methanol. The methanol extract was concentrated, and the resulting aqueous residue extracted with ethyl acetate. The mycelium was extracted with acetone, the solution concentrated in vacuo and the obtained aqueous residue was again extracted with ethyl acetate. On evaporation, the organic ethyl acetate extracts yielded 2.37 g and 6.49 g of brown residues from the filtrate and mycelium, respectively. Chromatography of the filtrate extract using PTLC and size exclusion chromatography resulted in the isolation of ferulic acid as a mixture with indolyl-3acetic acid (8.3 mg), 1-O-(2-aminobenzoyl)-α-L-rhamnoside (2.1 mg), and chalcomycin (4; 4.3 mg). The mycelial extract was fractionated by silica gel column CC with a MeOH: CH 2 Cl 2 gradient. Further chromatography of the furanone fraction I on silica gel delivered 5-hydroxy-4-methylnaphtho[1,2-b]furan-3-one (1; 1.3 mg) from the yellow zone. Fractions II~VI yielded 2'-deoxythymidine (340 mg), 2'-deoxy-uridine (39 mg), uracil, as a mixture with thymine (239 mg), and polypropylenglycole (100 mg). 
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Biological activity:
In the agar diffusion tests, furanones 1 and 2 were inactive at 40 μg/platelet against Escherichia coli, Staphylococcus aureus, Streptomyces viridochromogenes, Bacillus subtilis, Candida albicans, and the microalgae Chlorella vulgaris, C. sorokiniana, and Scenedesmus subspicatus. The cytotoxicity of furanone 2 against a number of cell lines was determined using the MTT method, as described previously [21] : 2 showed no cytotoxicity below10 g/mL; 1 was not tested due to the insufficient amount.
